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L'imperméabilité des sols dans les zones urbaines détermine, lors d’évènements pluvieux prolongés 
ou intenses, l'afflux de grandes quantités d'eau, avec des conséquences morphologiques et 
hydrologiques sur les eaux de surface, qu'il s’agisse de rivières, lacs ou mers. De nombreuses études 
ont montré que les activations des déversoirs d'orage, présents dans les réseaux d'égouts, 
provoquent des dommages aux poissons et à toutes les autres formes de vie aquatique et ils rendent 
les eaux impropres à l'usage prévu (eau potable, baignade). Pour éviter la pollution causée par 
l’activation des déversoirs d'orage pendant les évènements pluvieux, un certain nombre de mesures 
ont été introduites, par exemple des bassins de rétention pour le stockage temporaire de l'eau ou des 
systèmes de contrôle en temps réel (CTR) des systèmes d’assainissement. Dans ce dernier cas, des 
vannes placées le long du réseau d'égouts permettent d’utiliser la capacité de stockage temporaire 
des collecteurs. La conception des ouvrages pour le contrôle de la qualité des rejets (réservoirs, 
système de CTR) est cependant toujours sujette à des études approfondies par la communauté 
scientifique; ces approches nécessitent en effet des outils mathématiques sophistiqués pour modéliser 
en détail le fonctionnement du système d'égouts. Ce travail montre la construction du modèle 
mathématique du réseau d'égouts de la ville de Rimini, avec comme objectif d'obtenir un outil qui peut 
améliorer les performances du système et de réduire les coûts d'investissement et d'exploitation. 
 
ABSTRACT 
The soil imperviousness in urban areas determines, during prolonged or intense rainfall events, the 
inflow of large volumes of water with morphological and hydrological consequences on receiving water 
bodies. Numerous studies have shown that the pollutants released from the combined sewer 
overflows can cause negative effect to fish and other form of aquatic life making the water body 
unsuitable for the intended use (drinking water, bathing, etc.). In order to prevent the pollution 
phenomena related to occasional spills in rainfall period various measures such as the construction of 
tanks for the temporary accumulation of water or systems for real-time control (RTC) can be adopted. 
In the latter case the insertion of sluice gates along the sewer network allows the conduits to work as 
reservoirs for temporary storage. However the dimensioning of the quality control for discharges (tanks 
or RTC systems) is still under investigation by the scientific community; and in any case those are 
approaches that require the use of advanced mathematical tools that allow a detailed modelling in 
unsteady flow of the whole sewer system and of the present structures. This work shows the 
construction of the mathematical model of the sewer system of the city of Rimini, with the aim of 
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1 INTRODUCTION 
Combined sewer systems are designed to collect rainwater runoff, domestic sewage, and industrial 
wastewater in the same conduit. Combined sewer systems collect wastewater to a wastewater 
treatment plant (WWTP), where it is treated and then discharged to a water body. During rainfall 
periods, however, the wastewater volume in a combined sewer system can exceed the capacity of the 
sewer system and of the treatment plant. For this reason, combined sewer systems are designed to 
overflow occasionally and discharge excess wastewater to nearby streams, rivers, or other water 
bodies. These overflows, called combined sewer overflows (CSOs), although diluited contain not only 
stormwater but also untreated human and industrial waste, toxic materials, and debris. Many old urban 
areas are drained by combined sewer networks. 
The environmental impact of CSOs are considered, although indirectly, in several EU Directives. The 
wastewater Utilities must face the challenge to contribute to the Good Ecological Status of the water 
bodies that are influenced by their infrastructure. Historic data sets of registered pollutants discharged 
by CSOs proved the relevance of CSOs spills. Although conclusions depend on the pollutant under 
consideration, in general CSOs impact cannot be ignored (Dirckx et al. 2011). The first evidence of 
CSOs impacts on the receiving water bodies came to light in the 1960s but it was not until the 1990s 
that reducing the CSOs became a concern (Marsalek and Kok, 1997), because the most visible dry-
weather pollution had been reduced by a systematic construction of WWTPs. Among the major effects 
caused by the CSOs is the acute short-term impact due to dissolved contaminants, bacteria and 
viruses, causing fish death (Boët et al., 1994), health risks (US-EPA, 2001) and making water body 
unsuitable for the intended use (drinking water, bathing, etc.). 
2 CASE STUDY 
The city of Rimini (located in the Northern part of Italy) is characterized by a sewer system with a total 
length of about 736 km. 56% of the sewer is combined. Sewage flows into two wastewater treatment 
plants, which are dimensioned for dry weather period and can’t cope with discharges exceeding two or 
three times the dry weather flow. Thus, during rainfall events, in order to protect the city and the 
WWTPs, CSOs activate and great part of the flush is diverted out of the sewerage. In particular 11 
CSOs spill to the Adriatic Sea and this is an important environmental and economic issue. 
 
 









Impacts on the receiving system are generally studied in the vicinity of one CSO (Schaarup-Jensen 
and Hvitved-Jacobsen, 1990; Dégardin and Bujon, 1994; Chen et al., 2004; Even et al., 2004). 
However, it appears more important to acquire an overall vision of the system, in particular for the city 
of Rimini where it is also important estimate the spatial and temporal extent of the impacts of a group 
of CSOs.  
Rimini sewer system is very complex. It consist in 52 pumping stations, 6 detention ponds with a total 
volume of about 114.000 m3, and 4 first foul flush tanks with a total volume of about 17.000 m3. In 
order to manage the discharge, during rainfall events, and to control the resulting CSOs spills, 28 
movable gates are controlled in real time through level gauges and signals. 
3 HYDRAULIC MODEL CALIBRATION 
The mathematical hydraulic model was developed using InfoWorks CS 9.5 developed by Wallingford 
Software, integrated urban sewage drainage software with the functions of rainfall-runoff, water 
quality, and sediment transportation simulations. The number of total nodes on the numerical model is 
about 11'000. 
 
Figure 2: Representation of the numerical model developed with the software InfoWorks CS 9.5. 
The model was calibrated using measured water level every 15 minutes in several pipes, tanks, 
pumps and movable gates functionality. The water level derives from a sophisticated system of real 
time control (RTC) and it is essential for monitoring the state of sewer storage or to convert levels to 
flow rate where backwater effects are not dominant. 
  
Figure 3: Example of two plants managed by the Real Time Control System 
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The calibration process followed two steps. Firstly the system was analyzed in dry weather conditions. 
Collected measures of water level for the period 21- 25 May, 2009, were compared to water levels, 
simulated by the model, for the same period. The daily trend of the water level in dry conditions 
depends on the on/off of the pumping stations and on the user behavior.  
In particular the sewage flows were obtained from the insertion of the annual water consumption. Two 
types of coefficients were used in the mathematical model for simulating the variability of wastewater 
flow. The first one is the hourly coefficient that allows the average flow to adapt to the real 
consumption. The average flow is multiplied by a coefficient less than 1 during the night to simulate 
the minimum consumption, while peaks are during the day. 
The second is the monthly coefficient used to simulate variation in water consumptions due to touristic 
fluxes. Rimini is indeed characterized by a high number of tourists during the summer. This coefficient 
based on data provided by the Statistical Office from the Province of Rimini, which contain, for every 
day of the year, tourist arrivals and overnight stays for the entire Province. 
  
Figure 4: Coefficients used to simulate the daily and monthly variation of the civil waste water flow. 
Figure 5 shows the behaviour of the sewage system in dry weather conditions. The conduits with 
greater flow are highlighted through increasing thickness of the lines. 
 
Figure 5: Behaviour of the sewage system in dry weather conditions 
A – WWTP Marecchiese 
B – WWTP S. Giustina 
NOVATECH 2013 
5 
Figure 5 also shows the two wastewater treatment plans (WWTP) managed by Hera Rimini. The first 
one (Marecchiese) treats about 750 l/s with peaks of 800 l/s. The WWTP effluents are discharged in 
the Marecchia River. The second WWTP (Santa Giustina) is larger with a maximum flow at 850 l/s and 
discharges its effluents in the Marecchia River, too. 
In the second calibration step measured and simulated water levels in wet weather conditions were 
compared. Different rainfall events, recorded with time step of 5 minutes, during 2008 and 2009 were 
used to calibrate the model. Rain data were collected by three tipping bucket rain gauges. (Figure 1). 
The process was done manually, a trial and error parameter adjustment was made. In this case, the 
goodness-of-fit of the calibrated model is basically based on a visual judgment by comparing the 
simulated and the observed hydrographs. The mathematical modeling of the network allowed the 
evaluation the volumes of water spilled from each combined sewer overflow (CSO), as well as TSS 
masses, BOD5 or COD, thus allowing estimating the environmental impact. 
 
Figure 6: Example of simulation of some continuous rainfall events (water level, below: measured data in green, 
simulated in red). 
During rainfall events the greater part of stormwater spilled by the whole CSOs system, is spilled to 
the Adriatic Sea by 11 (CSOs). The rain series used for the simulations was one year long, from 
01/01/2009 to 31/12/2009. 
 
Figure 7: Rainfall series adopted in the simulation  
The adoption of real rainfall time series allows also to take into account the dry weather periods 
Validation 
Observed water depth 
Simulated water depth 
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among rain events. Dry weather periods are in fact of fundamental importance to estimate the buildup 
of pollutants and therefore the quality of the waters that flow into the sewer system during rain events. 
4 RESULTS AND DISCUSSION 
The mathematical modeling of the network has been used to evaluate: the volumes of water spilled 
from each CSOs, the mass of the Total Solids (TS), BOD5 or COD. It allowed estimating the 
environmental impact of the CSOs, the frequency of discharge, and the degree of dilution including 
those with more complex geometry. 
 
Figure 8: Results of the continuous simulation of all rainfall of 2009; the impact of the CSOs to sea is shown in 
terms of spilled volume; in the upper right corner there is a picture of a CSO 
4.1 Benefits from using RTC system and tanks 
Real-time control (RTC) is a custom-designed computer-assisted management system for a specific 
urban sewerage network that is activated during a wet-weather event. Uses and benefits of real-time 
control (RTC) are multiple. RTC systems, particularly the advanced types, can perform a variety of 
management functions in a given sewerage system. In particular in the sewage system of Rimini, 
these are:  
 Control flooding, overflows or surcharges;  
 Maximize storage volume; 
 Optimize treatment plant capacity;  
 Prevent operational problems and protect receiving waters. 
This paper focuses on storage optimization to protect receiving waters, in fact RTC uses in-network 
storage (that is much less expensive than constructing conventional storage facilities) and enables 
more effective use of conventional storage facilities. Increasing the capacity for temporary storage of 
the network is essential to reduce overflow discharges into the Adriatic Sea. 
The first part of this study analyzes the benefits resulting by the use of RTC techniques applied to two 
sewer basins: Colonella I and Colonnella II. For simulations were considered 107 rainfall events 





0,2 mm, collected on yearly base (2009). 
 
Figure 9: Subcathments drained by Colonnella I and Colonnella II. 
Table 1 shows the characteristics of the main conduits at the closing section of the subcatchments for 
the both CSOs. 
Table 1: Characteristics of the conduits Colonella I and Colonella II. 
 Colonnella I Colonnella II
Shape Rectangular Rectangular 
Width 3.900 mm 3.100 mm 
Height 1.800 mm 1.500 mm 
Slope 0.117% 0.017% 
Area 225 ha 415 ha 
Impervious area 76% 64% 
 
At the basin closing section of Colonnella II, the flow is diverted by a pumping station to the Colonnella 
I basin. During rainfall events, if the flow exceeds the Colonnella II pumps maximum capacity (340 l/s), 
a spill occurs. Colonnella I pumping stations has a similar behaviour: if the flow exceeds pumping 
station maximum capacity (690 l/s), a spill occurs. 
The primary focus in terms of control of the system is reducing CSOs volume spilled from Colonnella I 
and Colonella II, for this purpose three scenarios were studied: 
I. CSOs with fixed weir; 
II. CSOs with sluice gate and RTC based on water level; 
III. CSOs with sluice gate, RTC on based water level and tanks; 
Colonnella II 
Colonnella I 
First flush tank  
Detention tank 
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The first scenario involves the insertion of two fixed weir for the regulation of overflow. The considered 
weirs have a fixed height equal to 25 cm for the Colonnella I and 48 cm for the Colonnella II. They 
have been dimensioned in such a way in order to ensure the overflow only when the flow is equal to 5 
times the average sewage flow in dry weather conditions. 
The second scenario involves the insertion into the sewer system of sluices gate with RTC that was 
designed to optimize the sewer storage, by controlling the combined sewer overflows. The RTC sets 
the opening or closing of sluice gates by measuring the water levels upstream. 
In the third scenario three reservoirs were included, actually present in the sewer system of Rimini. 
The first tank, located upstream of the Colonella II, has been inserted to solve the hydraulic criticalities 
of this zone, it has a volume of 30.000 m3 corresponding of about 300 m3/haimp. The empting of the 
tank is obtained with a pumping system that diverts the water to the canal Deviatore Ausa, (that flows 
to the Marecchia River and thus out of the sewer network), in order to reduce the flow downstream. 
The second tank is a first flush tank that capture the first part of rainfall in order to ensure water quality 
It's near the pumping station Colonella II and it has a volume of 4.600 m3 (corresponding to 17,4 
m3/haimp). Downstream of the two previous tanks described, near the Colonnella I, there is the third 
tank. It is a first flush tank with a volume of 3.000 m3 (corresponding to 17,2 m3/haimp).
 Both first flush 
tanks are emptied 24 hours after the rainfall event by a pumping station that sends the flow to the 
WWTPs. 
The three considered scenarios provide increasing benefits in terms of reductions of the number of 
overflows. In particular the introduction of fixed weir (Scenario I), for the CSO Colonnella I, brings a 
reduction in the number of overflows of 39% (respect total rainfall events), this value rises up to 68% 
with the introduction of the sluice gate and of the RTC system on the water levels (Scenario II). In the 
third scenario the overflows are 27 that correspond to a reduction of 75% in the number of overflows 
respect to the total number of rainfall events. 
 
Figure 10: Number of overflows at Colonnella I and Colonnella II control site for the 107 rainfall events in each 
scenarios studied. 
As regards the Colonnella II the benefits obtained from the introduction of the sluice gate and RTC 
with respect to fixed thresholds are the following: the number of overflows pass from 61 to 55 of 107 
considered rainfall events. The benefit deriving from the insertion of the first flush tank and of the 
detention basin, is the reduction of 73% in the number of overflows. Figure 11 shows the benefits, in 
terms of reducing the number of openings of the sluice gates, for the catchments Colonnella I and 
Colonnella II. The 107 rainfall events were characterized through height and intensity of precipitations. 
White dots represent the rainfall events that generate overflow. Black dots represent the rainfall events 
without overflow, i.e. those in which the sluice gates with RTC on water levels remained closed. The 
gray dots represent the events without overflow in the third scenario (RTC + Tanks). 






Figure 11: Effect due to RTC for the 107 events simulated in the year 2009. 
5 CONCLUSIONS 
The objective of this paper is to investigate with the aid of a mathematical model the complex sewer 
system of the Rimini's city. Rimini has an economy based on tourism, the activations of the CSOs 
along the coast, especially during the summer, determines great problems both environmentally and 
economically. 
The first part of the study shows the calibration of the hydraulic model of the sewer system that has 
been made in detail on the whole territory of Rimini. Real time control system allowed to have 
available a large amount of data usable for the purpose of calibration both in dry weather and in wet 
weather conditions. 
The second part of the study focuses on two of the twelve CSOs present on the coast: Colonnella I 
and Colonnella II. They are located in the southern part of the city. In particular it was evaluated the 
efficiency, in terms of number of spills during rainfall periods, with different configurations.  
The simulation of the three different scenarios shows the benefit due to RTC and to the tanks located 
in the sewer system in terms of spill reduction to the Adriatic Sea. 
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